Abstract -Induction generators are widely used in nonconventional power generation. Self-excited, squirrel cage induction generators are ideally suited for remote, stand-alone applications due to their robust construction.
I. INTRODUCTION
Global environmental concerns and the ever increasing need for energy, coupled with a steady progress in renewable energy technologies are opening up new opportunities for utilization of renewable energy sources. The self-excited induction generators are becoming popular with the proliferation of nonconventional energy sources such as wind, small hydro projects etc. The induction generators (particularly squirrel cage induction generators) have robust construction, lower initial and run time cost due to brushless construction and lower maintenance cost [ 
13.
The induction generators are suitable for grid connected as well as stand-alone applications. In gnd connected mode, the excitation current to the induction generator is supplied through grid. A mechanical arrangement is used to maintain the rotor speed above the synchronous speed. In self-excitation mode, the excitation current is supplied by a local source.
The simplest way of self-excitation is the use of fixed capacitor across the generator. However, this scheme has the disadvantage that the output voltage is dependent on the rotor speed and load. The output voltage can be regulated by adjusting capacitor value. Thyristor controlled reactor with fixed capacitor is presented in [2] . The TCR control has poor transient response and introduces harmonics in generator current.
A thyristor controlled DC voltage regulator for wind driven induction generator is reported in [3] . An investigation was made by Studtmann [4] into the use of static PWM converter in stand-alone operation of induction generator. The P W M converter can be used as a tunable capacitor which can accommodate inductive reactance of the generator and reactance of the load [5] . Use of PWM converter as a reactive power source for induction generator is reported in [6-111. A two stage AC-DC-AC link [6, 7] can generate with fixed frequency, fixed voltage output with varying rotor speed. This scheme requires two converter stages handling full power. A P W VSI controller connected in parallel to load is presented in [8] [9] [10] . In this scheme only one converter stage is required. This stage has to handle only excitation current and reactive load current. The ratings of semiconductor switches and DC link capacitor are lesser as compared to two stage series connected configuration. All these schemes are based on sensing load as well as generator current. Also, the schemes involve on-line computations and measurement of rotor speed/position, which require complicated electronic circuits. A reactive power compensator based on supply current sensing [ l l ] can be used as a reactive power source. This controller requires half the number of current sensors as compared to conventional schemes based on load and supply current sensing. The parallel connected induction generator controller can also be used to compensate for harmonic and imbalanced load currents [ 121.
In this paper a new control scheme is proposed for self-excitation control of induction generator. The scheme offers the following advantages:
A static PWM inverter is used for controlling excitation. The shunt connected P W M inverter has to supply only excitation current and reactive load current. The active load current is directly supplied by the generator. This suffices low rating inverter. The terminal AC voltage is regulated for varying rotor speed and changing load conditions. The controller is capable of handling reactive and harmonic loads. The controller does not require any real time mathematical computation for estimating reference currents. This reduces the hardware complexity and the overall cost. 
II F'RINCIPLE OF OPERATION
A voltage source current controlled PWM converter, is used as an excitation current controller for induction generator. The proposed induction generator controller is shown in Fig. 1 . The controller has two loops. The inner loop forces the supply current to track the reference current within a narrow hysteresis band.
This current control loop uses hysteresis control and is much faster than the outer loop. The outer loop generates reference current signals for the three phase PWh4 converter. The reference current consists of two current components viz. the in-phase current component and the quadrature current component. The in-phase current overcomes losses in the converter and fulfills active current demand of the load. Any mismatch between the active current demand of the load plus those of the converter and the generator reflects in the variation of DC link voltage in the controller. The active current can be controlled by controlling the in-phase reference current which is obtained by multiplying the DC link error with reference template voltage derived from the generator terminal voltage. The quadrature current decides the magnetizing current of the induction generator. This magnetizing current determines the generated voltage. The generated voltage is compared with the reference and the error is multiplied with cosine of generated voltage of the corresponding phase. The variation in generated voltage reflects in AC error voltage and reference quadrature current. The actual reference current is derived by adding the in-phase and quadrature reference current components.
The in-phase reference template voltages are derived by stepping down the actual generator phase voltage. The reference quadrature voltage is derived by proper combinations of the in-phase reference signals.
The induction generator is started in the conventional manner with fixed capacitor. The generator starts with these fixed capacitors till it generates sufficient voltage to activate the controller. The controller is disabled during this time, and the voltage builds-up as in conventional self-excited induction generators.
SIMULATION RESULTS
The proposed controller is simulated extensively on digital computer to study its steadystate and transient response with variety of loads. The induction generator controller is simulated for following parameters: The proposed scheme is simulated with fixed resistive load. A three phase star connected balanced load comprising 10052 is connected across each phase. The generated three phase balanced voltages are shown in Fig. 2 . The excitation current generation is illustrated in Fig. 3 , where the actual reference current is derived by adding the in-phase and quadrature reference current components. The small quadrature current is proportional to the excitation current requirement of the induction generator.
The in-phase current is proportional to the active load current. The generator current tracks the reference current within small hysteresis band as shown in Fig. 4 . It can be noted that the reference current and generator line current lead supply voltage. Under steadystate condition, the DC link voltage is stable as shown in 19-1 In case of reactive loads, the controller has to absorb or supply leading power factor depending on the load. For an RL load the controller has to compensate for lagging load current as well as supply required excitation current. For an RC load, the controller supply a leading current if the reactive load current is lesser than the excitation current required to maintain output voltage. Whereas, the controller absorb excess leading current in case of highly capacitive load. The operation of controller with RL load is shown in Fig. 7 . In this simulation, the load comprises of a 70R resistor in series with a l O O m H inductor. 
19-1
effectiveness of the controller in regulating generator voltage with varying rotor speed is shown in Fig. 9 . The prinie mover speed is changed from 160 rad/sec to 200 rad/sec in two second. The generator voltage settles to stable value in less than half second.
IV CONCLUSIONS
A three phase IGBT based PWM controller is presented in this paper for self-excited control of induction generator. The proposed controller operates the induction generator in variable speed, constant voltage mode. This simple controller is based on indirect control of excitation current. The proposed scheme is based on only generator current sensing and requires only two current sensors. The scheme do not require any on-line computational circuits or mechanical rotor speed sensor for its operation. Excitation current of the induction generator is controlled to regulate generated voltage against varying rotor speed and load conditions. The controller is simulated on digital computer for various loads and rotor speeds. The results show satisfactory performance of the proposed scheme.
